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Response to Amendment 

This office action is in response to the preliminary amendment on June 9, 2005. 
Accordingly, claims 4 and 6-8 were amended. 
Currently, claims 1-10 are pending. 

Priority 

This application is a 371 of PCT/IB03/06025 filed December 8, 2003. 

Receipt is acknowledged of papers submitted under 35 U.S.C. 1 19(a)-(d), which papers 
have been placed of record in the file. 

Information Disclosure Statement 

The information disclosure statement (IDS) submitted on November 28, 2005 has been 
considered by the examiner. 

Drawings 

Figure 4 should be designated by a legend such as -Prior Art- because only that which is 
old is illustrated. See MPEP § 608.02(g). Corrected drawings in compliance with 37 CFR 
1.121(d) are required in reply to the Office action to avoid abandonment of the application. The 
replacement sheet(s) should be labeled "Replacement Sheet" in the page header (as per 37 CFR 
1.84(c)) so as not to obstruct any portion of the drawing figures. If the changes are not accepted 
by the examiner, the applicant will be notified and informed of any required corrective action in 
the next Office action. The objection to the drawings will not be held in abeyance. 

Specification 

The disclosure is objected to because of the following informalities: page 5, line 31, after 
"drain", "2" should be -4-. 
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Appropriate correction is required. 

Claim Objections 

Claims 1, 3 and 9 are objected to because of the following informalities: the terms 
"oxidising" and "oxidise" are informal and should be -oxidizing— and —oxidize-. 

Appropriate correction is required. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

Claims 9 and 10 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Murphy (U.S. Patent No. 6,444,528). 

Re claim 9, Murphy, submitted by Applicant in IDS, discloses in at least FIG. 2 a trench 
MOSFET comprising: a drain region 16 of first conductivity type; a body region 22 over the 
drain region 16; a trench 10 extending from a first major surface through the body region 22; 
source regions 18 of the first conductivity type laterally adjacent to the trench 10 at the first 
major surface; thermal gate oxide 21 on the side walls 1 1 of the trench 10; a gate electrode 15 in 
the trench 10 insulated from the body region 22 by the gate oxide 21; characterized by a thick 
oxide plug 27 at the base of the trench 10 extending into the drain region 16 [see col. 3, lines 
29-58]. 

Claim 9 recites the following product-by-process limitations: "a thick oxide plug formed 
of oxidized porous silicon". However, these limitations have not been given patentable weight 
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because product-by-process claims are not limited to the manipulations of the recited steps, only 
the structure implied by the steps. "[E]ven though product-by-process claims are limited by and 
defined by the process, determination of patentability is based on the product itself The 
patentability of a product does not depend on its method of production. If the product in the 
product-by-process claim is the same as or obvious from a product of the prior art, the claim is 
unpatentable even though the prior product was made by a different process." In re Thorpe, 777 
F.2d 695, 698, 227 USPQ 964, 966 (Fed. Cir. 1985). 

Re claim 10, Murphy discloses the body region 22 is of second conductivity type (p-type) 
opposite to the first conductivity type (n-type). 

Claim Rejections - 35 USC §103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co,, 383 U.S. 1, 148 USPQ 459 
(1966), that are applied for establishing a background for determining obviousness under 35 
U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 

This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
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claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

Claims 1, 2, 4-6 and 8 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Murphy in view of Lynch et al. (U.S. Patent No. 4,643,804). 

Murphy discloses in FIGs. 2 and 8-13 a method of manufacturing a trench gate 
semiconductor device comprising the steps of: providing a silicon device body having a first 
major surface, the silicon device body having a drain region 16 of a first conductivity type and a 
body region 22 over the drain region 16 (FIG. 2); forming a trench 34 extending downwards 
into the silicon device body from the first major surface, the trench 34 having sidewalls 35 and 
a base 36 (FIG. 8); etching silicon at the base 36 of the trench 34 to expose silicon at the base 
36 of the trench 34 (FIG. 10); thermally oxidizing the device to oxidize the exposed silicon at 
the base 36 of the trench 34 to form a plug 56 at the base 36 of the trench 34; and depositing 
conductive material within the trench 10 to form a gate 15 (FIG. 2). 

Re claim 1, Murphy does not disclose etching the silicon at the base of the trench to form 
porous silicon at the base of the trench, and thermally oxidizing the device to oxidize the porous 
silicon at the bottom of the trench to form a plug at the base of the trench. 

Lynch et al. ("Lynch") shows in FIGs. 3-5 etching the silicon at the base of a trench 10 to 
form porous silicon 32 at the base of the trench 10, and thermally oxidizing the device to oxidize 
the porous silicon 32 at the bottom of the trench 10 to form a plug 34 at the base of the trench 10 
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[see col. 3, line 39 to col. 4, line 46]. The purpose for such teaching would have been to 
minimize the stress level in the plug region and improve the electrical characteristics of trenches 
that include bottoms having surface roughness and/or sharp or irregular corners [see Abstract; 
and col. 4, lines 45-46]. 

Since Murphy and Lynch are from the same field of endeavor, the purpose disclosed by 
Lynch would have been recognized in the pertinent prior art of Murphy. 

Therefore, it would have been obvious to a person of ordinary skill in the art at the time 
the invention was made to modify the method disclosed by Murphy as suggested by Lynch 
because of the desirability to minimize the stress level in the plug region and improve the 
electrical characteristics of trenches that include bottoms having surface roughness and/or sharp 
or irregular corners. 

Re claim 2, Lynch expressly shows in FIGs. 2-4 after the step of etching the trench 10, 
the step of lining the side walls of the trench 10 with dielectric liner 30 for preventing the side 
walls becoming porous during the step of forming porous silicon 32 at the bottom of the trench 
10. 

Re claims 4 and 5, Murphy expressly discloses in FIG. 8 wherein the step of forming the 
trench 34 includes providing a mask (oxide 38 & nitride 40) on the first major surface defining 
an opening and etching the trench 34 extending downwards from the first major surface through 
the opening. 

Re claim 6, Lynch shows in FIG. 4 wherein the step of etching the silicon at the bottom 
of the trench 10 to form porous silicon 32 includes dry-etching (dry anodization) or wet-etching 
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(wet anodization) the bottom of the trench 10 through the same mask 26 used to define the 
trench 10. 

Re claim 8, Murphy expressly discloses in FIG. 2 forming a source implant 18 of first 
conductivity type at the first major surface adjacent to the trench 10 and forming source, gate and 
drain electrodes attached to the source implant 18, the gate 15 and the drain region 16 at the 
bottom of the trench 10 respectively to complete the trench gate semiconductor device. 

Allowable Subject Matter 

Claims 3 and 7 are objected to as being dependent upon a rejected base claim, but would 
be allowable if rewritten in independent form including all of the limitations of the base claim 
and any intervening claims. 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. 

Benjamin '181, Pogge '090, Deines '149, Kocon '127, Cogan '325 and Chang '390 
disclose relevant teachings regarding trench MOSFET's and thermal oxidation of porous silicon. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Khanh B. Duong whose telephone number is (571) 272-1836. 
The examiner can normally be reached on 10:00-6:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Zandra Smith, can be reached on (571) 272-2429. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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Primary Examiner 
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